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Abstract: Previous research regarding dental students has found modest predictive value in preclinical didactic course grades in 
predicting clinical performance, but systematic assessment of students’ feedback on their perceived preparedness has received 
little attention as a preclinical assessment methodology. The aim of this study was to assess the perceptions of the dental students 
at one U.S. academic dental institution regarding their preparedness for clinical performance following the preclinical fixed 
prosthodontics course. Third- and fourth-year dental students participated in a survey about their perceived preparedness to diag-
nose and treat patients with fixed prosthodontics needs in the school’s dental clinics. The respondents (79 out of 161 students, for 
a response rate of 49%) rated each item on a five-point Likert scale. Responses about which preclinical procedures of the course 
prepared students the least and the best were consistent for the third- and fourth-year students. Less than 60% of all responding 
students felt prepared for planning complex cases and performing laboratory-related procedures. The findings of this study indi-
cate that improvement is required in teaching students about laboratory procedures and problem-solving to adequately prepare 
them for clinical treatment of patients with fixed prosthodontics needs.
Dr. Barrero is Clinical Associate Professor, Department of Prosthodontics, University of North Carolina at Chapel Hill School 
of Dentistry; Dr. Duqum is Clinical Assistant Professor, Department of Prosthodontics, University of North Carolina at Chapel 
Hill School of Dentistry; and Mr. Petrola is Research Assistant, Department of Prosthodontics, University of North Carolina at 
Chapel Hill School of Dentistry. Direct correspondence to Dr. Carlos Barrero, Department of Prosthodontics, University of North 
Carolina at Chapel Hill School of Dentistry, 333 Brauer Hall, CB 7450, Chapel Hill, NC 27599; 919-537-3959; carlos_barrero@
dentistry.unc.edu.
Keywords: dental education, dental students, preclinical education, clinical performance, prosthodontics, fixed prosthodontics
Submitted for publication 5/6/14; accepted 9/16/14
The ultimate goal of health professions educa-tion is to craft a program that integrates and implements the various domains of learning 
that ingrain competent practice. Over time, these 
programs should give students the means to achieve 
consistent, acceptable results in learning environ-
ments that mirror actual work settings. In pursuit of 
this result, dental schools must continually adjust 
their curricula, coursework, and contents in search 
of the best paradigm.1-3  
Knowledge and skills are traditionally gained 
from the general environments of classroom, seminar, 
clinic, and peer interactions. Before entering the clin-
ics, students’ manual skill development begins with 
simulated bench-top procedures and techniques using 
mannequins—for example, when a student completes 
a fixed partial denture preparation on a typodont 
before transitioning into clinical care. Assessments 
are needed to determine if a student has integrated 
knowledge and/or skills sufficiently before transition-
ing to the next level of the curriculum. Educational 
innovations such as problem-based or case-based 
learning, patient simulations, blended learning, and 
service-learning have changed the ways we help 
students develop oral health care knowledge and 
skills.1-4 In a recent study of utilization of blended 
learning, not only did the students perform better with 
manual skills and conceptually, but they were more 
motivated and pleased with the new teaching tech-
nique.2 The movement towards a broader spectrum 
of teaching and learning methods in dental education 
underscores the importance of utilizing assessments 
that can consistently evaluate the impact and results 
of each new method. 
In addition to evolving teaching techniques, 
changes in competency requirements as mandated 
by the Commission on Dental Accreditation (CODA) 
require continual assessment to ensure curriculum 
compliance.5 Dental schools must assess, adapt, 
and adjust their curricula to reflect changes to en-
sure students’ preparedness to graduate. Previous 
commentary and expert opinion on assessment in 
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clinical science instruction. These changes enhanced 
the students’ education and better prepare them for 
practice in the future.
The aim of our study was to assess the percep-
tions of dental students at one U.S. academic dental 
institution regarding their preparedness for clinical 
performance following the preclinical fixed prosth-
odontics course. The findings from this study will 
provide direction and guidance for further curricular 
integration and other changes.
Methods
This study was approved by the Biomedical 
Institutional Review Board at the University of North 
Carolina at Chapel Hill. For the study, we developed 
a Qualtrics online survey to assess the perceptions of 
third- and fourth-year dental students at the Univer-
sity of North Carolina at Chapel Hill regarding their 
preparedness to diagnose and treat patients with fixed 
prosthodontics needs. The survey consisted of 30 
statements, which we based on the logical sequence 
of events for treatment planning and execution of 
simple fixed prosthodontics treatment. Items ranged 
from gathering of diagnostic data to cementation of 
restorations and recall of patients. The respondents 
indicated their agreement with each item, on a 
five-point Likert scale on which 1=strongly agree, 
2=agree, 3=neutral, 4=disagree, and 5=strongly 
disagree. An email containing a link to the survey 
was sent to all third- and fourth-year students, with 
biweekly reminders for a period of six weeks. 
After the respondents completed the survey, 
an exploratory factor analysis of the 30 items indi-
cated that three factors were sufficient (p=0.07). We 
assigned all items to one of the three factors if the 
factor score for that item was 0.25 or higher and if 
the difference between factor scores for that item was 
0.10 or greater. Table 1 lists the items that loaded on 
each factor and the construct indicated by each factor. 
The standardized Cronbach coefficient alpha values 
were 0.81 for diagnosis and treatment planning, 0.71 
for technical skills on execution of treatment, and 
0.68 for laboratory procedures and problem-solving 
techniques, indicating good internal consistency 
and reliability of the construct. Average scores were 
calculated for each construct. Items and the aver-
age construct score were categorized as “effective” 
by combining 1 (strongly agree), 2 (agree), and 3 
(neutral) or as “needs improvement” by combining 
4 (disagree) and 5 (strongly disagree). 
health professions education indicate that we must 
evaluate not only students’ recall and recognition of 
specific facts and demonstration of technical skills, 
but also their capacity to combine elements from 
different contexts and apply them to scenarios that 
require critical thinking and problem-solving.3,6-8 
The continual assessment of curricular elements, 
both new and old, represents a critical component 
of successful education in the skills, knowledge, ef-
fective processes, and professional values that define 
the competent practice of dentistry.9-14 There have 
been many studies of assessment methodologies and 
curricular changes in dental education,15-25 although 
Maart and Bitzer found there was no or only modest 
predictive value in preclinical scores, grades, and 
performance for determining clinical performance.4
There are a variety of reasons why students 
may perform well in preclinical fixed prosthodontics 
exercises but not as well in clinic. Reasons for the 
discordance between these two assessment areas 
may be related to the type of curriculum in the dental 
school. In our institution, for example, a traditional 
curriculum has been used for many years with at-
tempts to add, remove, or update areas or parts of it 
without truly changing the curricular framework. As 
a result, the current curriculum has become saturated 
and convoluted. A disadvantage of a traditional cur-
riculum is a formal teaching style: teachers’ lecturing 
students while the students are expected to absorb 
all the spoken information.26 This style fails to help 
students learn by means of fact finding and problem-
solving. Time elapsed between material presented in 
preclinical courses and clinical experience, lack of 
faculty collaboration, faculty shortages, complexity 
of cases presented at a dental school, and the ne-
cessity to integrate multiple skills to treat a patient 
may be among the reasons for a disconnect between 
preclinical and clinical settings.21,22 
A study at Case Western Reserve University 
School of Dental Medicine shows the impact of an 
evolving curriculum to meet updated standards of 
education.25 Historically, this school used a traditional 
approach to education and the curriculum; however, 
the faculty and administrators felt a drastic change 
was needed to better prepare their future dentists. 
They redesigned their curriculum to implement 
a hybrid small-group learning environment. The 
hybrid approach still used traditional faculty in-
structional methods, but it was complemented with 
small-group learning, which enhanced development 
of critical thinking skills through problem-based 
learning (PBL) and integrated basic science and 
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reported they were satisfied overall with the course, 
and between 24% and 91% considered their educa-
tion on specific topics was effective in preparing 
them for clinical activities, by indicating they agreed 
or strongly agreed with the statements (Figure 1). 
The differences in percentages between third- and 
fourth-year students were less than 10%, except for 
the items in domain 3 (laboratory procedures and 
Results
A total of 79 students out of the total 161 third- 
and fourth-year students responded to the survey, for 
a response rate of 49%. Of the 79 respondents, 39 
were third-year students, and 40 were fourth-year 
students. In their responses, 66% of the students 





and treatment  
planning
Q5 The information presented to you during fixed prosthodontics courses was helpful in deter-
mining sequencing and treatment needs of patients needing prosthodontic care.
Q6 The preclinical courses were helpful in providing sufficient information to recognize com-
plex cases requiring specialty referral or consultation. 
Q7 Preclinical laboratory and lecture introduced me to the clinical procedures and requirements 
that are located in the clinical manuals. 
Q8 Preclinical fixed courses provided sufficient information to properly develop and sequence 
in a orderly fashion a treatment plan.
Q18 Preclinical courses provided me with sufficient information to accurately complete a lab 
prescription and communicate effectively with a laboratory technician.
Q22 Preclinical courses prepared me well in selecting the appropriate dental cement and com-
plete successfully permanent cementation procedure.
Q23 Preclinical courses provided me with sufficient information on how to repair (porcelain 
fracture) and remove crowns.
Q24 Preclinical fixed prosthodontic courses assisted me in establishing recall appointments and 
maintenance care for my patients.
Technical skills 
on execution of 
treatment
Q10 The preclinical diagnostic waxing exercise was helpful in preparing me to diagnose and 
treatment plan fixed prosthodontic patients.
Q12 Making a putty index before preparing the tooth, as taught in preclinical courses, is helpful 
in fabricating a provisional restoration and evaluating tooth reduction of crown preparations.
Q13 The tooth preparation sequence taught in preclinical is followed in clinic and supported by 
the faculty. 
Q14 Preclinical laboratory and lecture instructions for direct provisional fabrication are followed 
in the clinic and supported by the faculty.
Q17 Preclinical fixed prosthodontic courses trained me well to make and evaluate final impres-
sions for fixed restorations.
Q11 Duplicating the diagnostic wax-up and fabrication of a thermoplastic index as taught in the 
preclinical courses is very helpful in providing a guide for tooth reduction in clinic.
Q16 Preclinical fixed prosthodontic courses trained me well to place a retraction cord and man-
age soft tissue successfully.
Q25 The preclinical fixed prosthodontic courses provided adequate instruction for me to provide 





Q9 The foundation and dowel core exercises on simulated vital and non vital (root canal 
treated) teeth were helpful in demonstrating clinical foundation scenarios.
Q19 The preclinical fixed prosthodontic experiences with dental laboratory soldering, glazing, 
and shade modification are helpful in providing clinical care for my prosthodontic clinic 
patients.
Q20 Information taught on color and shade selection in preclinical courses is helpful in selecting 
shade for my patient.
Q21 Preclinical courses prepared me well in delivering definitive restorations in fixed prosth-
odontic clinic.
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tive. Two-thirds of the respondents (66%) agreed or 
strongly agreed with the statements and reported feel-
ing that the preclinical fixed prosthodontics courses 
were helpful. It should be noted that since almost 
half of the respondents were third-year students, this 
could have skewed the responses since those students 
had less clinical experience than the fourth-year 
students and may not have encountered some of the 
survey items at the time of their participation in the 
study. It should also be noted that the survey was 
conducted while students were away from the school 
on their rotations. The intent was to give students a 
distance from the actual curricular setting. In retro-
spect, that timing may have negatively impacted the 
response rate, which could have resulted in sampling 
bias and is a potential limitation of the study.
The course components rated most highly by 
the respondents were the topics of putty indexing, 
oral examinations, record procedures, definitive 
restorations, and single crown therapy. These are the 
topics the course emphasizes for the benefit of the 
students’ clinical experience. The high percentage of 
positive responses to this question could be related to 
the fact that, during the last few years, fixed prosth-
odontics course directors have included several hours 
of lectures of oral examination and diagnosis with 
patients who have fixed prosthodontics needs. On 
problem-solving techniques). Items that were rated 
as effective by over 80% of the students are listed 
in Table 2; those rated as effective by less than 60% 
are listed in Table 3; and those rated as effective by 
60-80% are listed in Table 4. 
The responding students perceived that the 
domain of diagnosis and treatment planning was less 
effective in preparing them for clinic (Figure 2) than 
the information presented in the other two domains. 
The rates of their perceived effectiveness in technical 
skills to execute treatment and laboratory procedures 
and problem-solving techniques were higher for the 
fourth-year students than the third-year students. This 
difference in perception could be explained by the 
increased exposure and experience the fourth-year 
students had had and their comfort level in the clini-
cal setting when compared to the third-year students. 
Figure 3 presents the distribution of responses to 
items within domains; the largest differences between 
third- and fourth-year students were in laboratory 
procedures and problem-solving techniques.
Discussion
The majority of the total respondents found the 
preclinical fixed prosthodontics course to be effec-
Figure 1. Percentage of students who rated each survey item effective in preparing them for clinical activities and their 
overall satisfaction with the course 
Note: Satisfaction rates were determined by the percentages of students who indicated they agreed or strongly agreed with each item, 
on a five-point Likert scale on which 1=strongly agree, 2=agree, 3=neutral, 4=disagree, and 5=strongly disagree. 
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Table 3. Survey items rated as effective in preparing them for clinical activities by less than 60% of responding students 
Survey Item Topic Effective %  Neutral % 
The complexity of the fixed prosthodontic needs of my patients is congruent  Complexity of exercises 54% 26% 
with the preclinical fixed prosthodontic exercises that I experienced in the   
preclinical fixed prosthodontic laboratory. 
Preclinical courses provided me with sufficient information to accurately  Lab communication 49% 20% 
complete a lab prescription and communicate effectively with a laboratory   
technician. 
Preclinical fixed prosthodontics courses assisted me in establishing recall  Recall and maintenance 42% 35% 
appointments and maintenance care for my patients. 
The preclinical fixed prosthodontic experiences with dental laboratory soldering,  Lab process 31% 43% 
glazing, and shade modification were helpful in providing clinical care for my   
prosthodontic clinic patients. 
Preclinical courses provided me with sufficient information on how to repair  Repair and removal 24% 27% 
(porcelain fracture) and remove crowns. 
Table 4. Survey items rated as effective in preparing them for clinical activities by 60 to 80% of responding students
Survey Item Topic Effective %  Neutral % 
The preclinical courses were helpful in providing sufficient information to  Complexity recognition 72% 24% 
recognize complex cases requiring specialty referral or consultation. 
Preclinical courses prepared me well in selecting the appropriate dental  Cementation 69% 19% 
cement and completing successfully permanent cementation procedure. 
Preclinical fixed prosthodontic courses trained me well to place a retraction  Retraction cord 68% 19% 
cord and manage soft tissue successfully. 
The foundation and dowel core exercises on simulated vital and non-vital  Foundation and dowel core 77% 16% 
(root canal treated) teeth were helpful in demonstrating clinical foundation   
scenarios. 
Information taught on color and shade selection in preclinical courses is  Color and shade 64% 30% 
helpful in selecting shade for my patient. 
Duplicating the diagnostic wax-up and fabrication of a thermoplastic index  Fabrication of index 63% 27% 
as taught in the preclinical courses is very helpful in providing a guide for   
tooth reduction in clinic. 
Table 2. Survey items rated as effective in preparing them for clinical activities by at least 80% of responding students
Survey Item Topic Effective %  Neutral % 
Making a putty index before preparing the tooth, as taught in preclinical  Putty indexing 92% 6% 
courses, is helpful in fabricating a provisional restoration and evaluating   
tooth reduction of crown preparations. 
The information presented to you during fixed prosthodontics courses was  Oral exam 91% 8% 
helpful when performing the intra- and extraoral examination of your   
patient/case. 
Lectures and simulated procedures on preliminary impressions and  Record procedures 88% 12% 
occlusal records were helpful in obtaining adequate records for diagnosis   
and treatment planning of your prosthodontic patient/case. 
Preclinical courses prepared me well in delivering definitive restorations  Definitive restorations 88% 12% 
in fixed prosthodontic clinic 
The preclinical fixed prosthodontics courses provided adequate instruction  Single crown therapy 86% 10% 
for me to provide single crown therapy with minimal faculty chairside   
assistance. 
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Figure 2. Factor analysis component effectiveness rates: percentages of third- and fourth-year students who rated each 
domain as effective in preparing them for clinic
Figure 3. Results of factor analysis on survey results
Domain 1: 
Diagnosis and Treatment 
Plan
Domain 2:
Technical Skills on Execu!on of 
Treatment
Domain 3:
Laboratory Procedures and 
Problem-Solving Techniques
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fectiveness rate was 58.68%, while the fourth-year 
student effectiveness rate was 69.80%. While the 
third-year effectiveness rate was much lower than 
the fourth-year rate, the average percentage of neutral 
responses for this domain was higher for the third-
year students (30.05%) than the fourth-year students 
(22.43%). Again, the unusually high percentage of 
respondents who answered neutral could indicate 
students who had not had clinic experience and could 
not render a definitive opinion.
One suggestion to improve the preclinical fixed 
prosthodontic course is to incorporate more faculty 
lectures and demonstrations in the lab and add den-
tal laboratory technicians in our clinical program to 
gradually reinforce, support, and supervise informa-
tion that may be difficult to simulate in the preclinical 
program. In the past, we recall that a large number 
of U.S. dental schools had dental technicians in their 
predoctoral programs helping with the teaching mis-
sion of the school. Another method to remedy the 
factors with low effectiveness rates is by implement-
ing a vertically integrated curriculum, which could 
especially resolve the low effectiveness rates in two 
course domains (diagnosis and treatment planning, 
and laboratory procedures and problem-solving 
techniques). By having preclinical students con-
nected to higher level students in the clinic, the areas 
that are not receiving appropriate emphasis in class 
can be complemented by their peers’ experiences 
in clinics and laboratories. Finally, the educational 
experience could be improved with the addition of 
such teaching methods as PBL (a recent study, for 
example, reported that students learned as much 
information and performed as well on exams and 
national tests using PBL as in traditional classroom 
learning23), blended learning (in which a student can 
access materials in a classroom setting, online, or 
in a laboratory setting2), flipped classroom learning 
(in which students learn at home in an online class 
or text reading and perform homework problems/
PBL scenarios in class with the instructor24), and/
or microburst learning (in which students have their 
usual class time in a semester, but also experience 
brief review lectures covering the same material in 
an upcoming year; www.microburstlearning.com). 
Conclusion
In our study, the answers to questions regarding 
which procedures in preclinical fixed prosthodontics 
programs prepared students the least and the best 
average, only 9.6% of the responses to these survey 
topics received a neutral response, indicating the 
students had clear opinions on these topics.
At the other end of the spectrum, the topics 
that scored below 60% in effectiveness were com-
plexity of exercises, lab communication, recall and 
maintenance, lab process, and repair and removal. 
On average, their effectiveness rate was 40%, with 
a minimum effectiveness rate of 24%. It is clear 
that these are the areas in which the students need 
improvement to have a positive impact on their clini-
cal experience. However, the average percentage of 
responses that were rated neutral for these topics 
was 30.2%, with a minimum neutral response rate of 
20%. This unusually high percentage of respondents 
who answered neutral could indicate students who 
had not had clinical experience and could not render 
a definitive opinion.
Given that three of the five lowest-rated topics 
were less related to technical skill and were more 
lab-oriented or administrative in nature (lab com-
munication, recall and maintenance, and lab process), 
the results indicate that these processes may have 
been oversimplified during preclinical instruction. 
Once in clinic, there could be a host of other factors 
that complicated an otherwise simple process. A key 
point garnered from these results is that preclinical 
education should not be limited to emphasizing 
clinical skills, but also ensuring that the students are 
comfortable with the administrative tasks and lab 
responsibilities that are intrinsic components of ad-
dressing patient needs. To see improvement in these 
areas, we recommend having written instructions 
available on the school’s website for easy access for 
the students outside class lectures.  
The factor analysis results revealed high levels 
of effectiveness in technical skills on execution of 
treatment by both the responding third- and fourth-
year students (73.86% and 78.94%, respectively). 
This result indicates that students in both years felt 
that the preclinical course provides the means to help 
them develop the skills necessary to successfully treat 
their patients in clinic. The results for diagnosis and 
treatment planning received very similar effective-
ness rates for both the responding third- and fourth-
year students (61.33% and 61.14%, respectively). 
These effectiveness rates, while acceptable, show 
that the students need to have improved lessons in 
diagnosis and treatment planning. 
The domain of laboratory procedures and prob-
lem-solving techniques showed the largest difference 
between the two classes; the third-year student ef-
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were consistent. Diagnosis and treatment planning, 
foundation and post and core preparation, and cemen-
tation selection and procedures were selected by the 
fewest students as areas that best prepare students 
for clinic. These areas were also selected by the most 
students as areas that prepare students the least for 
clinic. These rankings suggest that improvement is 
needed in these areas to bring them up to par with 
the rest of the program. Faculty shortages, lack of 
dental technicians, and budget constraints would be 
easy scapegoats for the apparent shortfall in teaching 
the aspects of treatment planning and sequencing of 
treatment. We are making our results and suggestions 
available to course directors at our institution, so that 
courses may be updated to enhance the students’ 
educational experience. While our research suggests 
there are weaknesses in the current system, further 
research is necessary, such as distributing another 
survey after some curricular changes have been made 
to determine if students’ preparedness has been posi-
tively affected. However, despite its shortcomings, 
the current curriculum and system provide the most 
viable way of teaching motor skills and simulating 
dental practice. 
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